The complexity in the physicochemical properties of the particles associated with hepatitis B antigen (HB. Ag) is becoming increasingly more apparent (16). Proteins, lipids, and carbohydrates have been identified as constituents of the purified particles (1, 3, 7, 14, 19, 20) . Recently, Howard and Zuckerman (13) observed two distinct populations of HB. Ag with different charges. Our laboratory has demonstrated the heterogeneity of size, molecular weight, and overall charge properties in purified preparations of HB8 Ag, subtype adw (HBS Ag/adw) (6). The present study compares the morphology, isoelectric pH (pl), molecular weight, and polypeptide composition of purified preparations of HB. Ag, subtypes adw and ayw.
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MATERIALS AND METHODS

HB8
Ag purification. HB. Ag preparations of the adw or ayw subtypes were purified as described previously (5) . Essentially, the method involved ultracentrifugation of HB8 Ag-positive plasma, acidification of the resulting pellet at pH 2.4 for 1 h, and repelleting, followed by two sequential isopycnic density centrifugations in CsCl. Final purification was accomplished by rate zonal centrifugation in a preformed linear sucrose gradient, followed by removal ' Present address: Department of Biology, George Mason University, Fairfax, Va. 22030. of the sucrose by dialysis against several changes of 0.15 M NaCl for 24 h.
Immunochemical techniques. The presence of HB8 Ag antigenic activity was monitored by a microtiter complement fixation test (15) or by the doubleantibody radioimmunoassay (RIA-DA) technique (10, 11) . Antibody to HB8 Ag (anti-HB.) used in these assays was prepared by injecting guinea pigs with purified HB. Ag as described elsewhere (5, 12) . The subtype specificity of the HB. Ag-positive plasma was determined with the agar gel diffusion method by using specific guinea pig anti-HB/adw and anti-HBJ/ ayw sera and rabbit anti-HBJadw and anti-HBJ/adr sera.
Protein determination. Total protein content of purified HB. Ag was determined by the Lowry method, with crystalline bovine albumin as a standard (17) .
lodination. Purified HB. Ag was labeled with '2II or 1"1I by the chloramine-T technique (9) with modifications described elsewhere (10) . The specific activity of the labeled preparations ranged between 5 and 15 ACi/jLg.
Isoelectric point determination. Isoelectric points were determined in an ampholyte pH gradient of 3.0 to 6.0 in an LKB electrofocusing column as described previously (6) . All samples were dialyzed against four changes of 1% glycine for 48 h before electrofocusing.
Electron microscopy. Purified HB. Ag samples were prepared for electron microscopy by the droplet-182 VOL. 15, 1975 HEPATITIS B ANTIGEN, SUBTYPES adw AND ayw pseudoreplication method described previously by McCombs et al. (18) . Briefly, a drop of HB. Ag suspension was diffused into a small block of 2% agar followed by addition of a drop of parlodion. The resulting film was then stripped from the agar block by floating on a 0.2% phosphotungstate acid solution (pH 7.0) containing 0.05% sucrose and subsequently placed on a copper grid (300 mesh), dried, and examined in a Hitachi llB electron microscope.
Analytical ultracentrifugation. Molecular weight studies of purified HB8 Ag, subtypes adw and ayw, were done in a Spinco model E analytical ultracentrifuge by using Rayleigh interference optics. The molecular weight values were determined by the use of the high-speed equilibrium method of Yphantis (21) . All runs were made in a double-sector interference cell in the An-J rotor at speeds of 3,000, 4,000, 5,200, and 6,400 rpm. Procedures for establishing equilibrium, photographing interference patterns, and measuring interference fringes were as described previously (6) .
Polyacrylamide gel electrophoresis. Disc polyacrylamide gel electrophoresis of the purified HB. Ag preparations was done in 10% gels. Eighty micrograms of purified HB. Ag/adw or HB. Ag/ayw was solubilized in 1% sodium dodecyl sulfate, 1% beta-mercaptoethanol, and 6 M urea by heating at 60 C for 10 min as described by Gerin et al. (8) . Sodium dodecyl sulfate-polyacrylamide gels and buffer were prepared as previously described (3), and electrophoresis was performed essentially as described by Davis (4 studied above also resulted in two different patterns ( Fig. 2A and B) . Electrofocusing of two adw (A) preparations revealed a major antigenic population (pI = 4.5 + 0.1) and three smaller populations with pI values of 3.9 ± 0.05, 4.0 ± 0.1, and 4.2 + 0.1, respectively, as monitored by RIA-DA. In contrast, the majority of the antigenic activity of another purified preparation of adw (B) was detected in two peaks with pI values of 3.9 ± 0.05 and 4.9, with some activity associated with two other populations (pl = 4.1 i 0.05 and 4.4 ± 0.1). The pattem observed by electrofocusing ayw preparations also showed heterogeneity in the overall charge properties; six populations observed in the majority of the ayw preparations had similar pI values of 3.9 ± 0.05, 4.1 + 0.1, 4.2 ± 0.1, 4.4 i 0.1, 4.9, and 5.3 + 0.1 (Fig. 2C) . The pattern of reactivity of the ayw preparations was most similar to the B source of adw.
Since a shift to a more acid pH was observed by iodination of purified HB8 Ag, it seemed plausible that the purification procedures might also affect the overall charge of HB. Ag. Therefore, each of the unfractionated plasmas from which the above preparations had been derived was fractionated by electrofocusing with subsequent testing of the antigenic activity by RIA-DA. Similar patterns were observed with each of these three plasmas (Fig. 3) . However, there were considerable differences in the relative proportion of each isoelectric population among the various sources. All adw and ayw sources had a major peak at pI = 4.5 4 0.1. In addition, the adw (B) sources had a peak at pl = 5.4 ± 0.1, which possibly corresponded to the pI = 5.2 found in the adw (A) and ayw sources. It should be noted that all of the antigenic activity was associated with populations with pI values in a considerably higher pH range than those detected in the purified preparations.
The antigenic activity associated with the more basic pH range (pl > 6) observed in populations with pl values of 4.0 and 4.4, has now been found to be characteristic of approximately 10 to 20% of adw sources. All the other sources show only a single radiolabeled pl at pH 3.9. With a lower gradient (2.5 to 4.0), a value of 3.8 0.1 was observed. The significance of these charged populations can be inferred from the fact that primarily tyrosine and histidine residues are labeled with 125I. Thus, polypeptides rich in these two residues would be preferentially labeled. This observation is relevant to the RIA detection of HB8 Ag, which is based on the inhibition by an unknown amount of HB8 Ag with a standard amount of iodinated HB, Ag for antibody binding sites. Since the several charged HB. Ag populations do not iodinate equally well, their detection may be quite variable by current RIA testing procedures.
The original plasma of preparations of adw (A), adw (B), and ayw were each electrofocused to further determine the charge heterogeneity of the three morphological forms of HB8 Ag, i.e., spheres, tubules, and Dane particles. The relative similarity and reproducibility of the pI populations between various sources of adw (A), adw (B), and ayw HB. Ag preparations indicate that these pI peaks are not experimental artifacts and that they represent similarly charged populations occurring in all subtypes studied. In a recent study (2) , the morphological forms (15-to 22-nm spheres, 20 x 300-to 20 x 700-nm tubules, 42-nm Dane particles and 24-nm inner cores) of an HB. Ag-positive plasma were purified, iodinated, and studied biophysically. Each labeled morphological form showed a distinct pl ranging from 3.65 to 4.7; however, as demonstrated in this study, the process of iodination alters the overall charge of the particles or preferentially labels only the most basic population.
The similarity in electrofocusing pattern between purified HB8 Ag of the adw (A), adw (B), and ayw sources also indicated that the patterns depict charged populations with some common antigenic determinants. The only major difference between the subtypes is in the relative amount of each charged population, but this could reflect not only the presence of d or y but also the relative amount of a in each fraction as detected by the RIA-DA assay. Different amounts of each determinant may thus contribute to the charge differences.
Perhaps the most significant difference between the electrofocusing patterns of plasma and of purified HB8 Ag is the appearance of a 3.9 population in the purified material that is not present in plasma and the concomitant disappearance or reduction in the populations with pl values of 5.2 to 5.4 that are present in plasma. The reduction of the 5.2 to 5.4 populations may have been due to disruption of antigen-antibody complexes or to the release of normal serum components from the HB8 Ag particles during the acidification step performed during purification. Electron microscopy did not show any significant morphological differences between the pI = 5.2 to 5.4 peak and any of the others. Similar morphological forms (20 to 25 nm) were also found by immune electron microscopy for the isoelectric pH populations reported by Howard and Zuckerman (13) . Using partially purified material, they reported only two pI values for ad (3.65 and 4.33) and for ay (3.95 and 4.9) . Their preparations with pI values of 3.95 and 4.9 corresponded exactly with two of our charged populations for purified HBE Ag.
Electron microscopic examination of the purified isoelectric peaks in this study showed that the 25-nm spheres present in purified HB8 Ag preparations were observed with the greatest frequency at pH 4.1. This agrees with our previous report in that a were from a different source than used by Dreesman et al. (6) ; values for subtype ayw were averages of two experiments using three different sources of ayw. bThe ayw subtype also appeared to have an additional higher-molecular-weight component at low rotor speeds, but it was not possible to obtain a reliable value for this second component. reported by us (6) . Further analytical centrifugation molecular weight determinations of purified HB. Ag of the adw (A) and ayw subtypes showed that the ayw had a higher molecular weight than the main component of the adw (A) and adw (B) sources. The main molecular weight component in ayw sources is 4.6 x 106, which is 900,000 larger than the main molecular weight component of the adw subtype. We have detected two minor polypeptides in association with HB. Ag/ayw that were not observed in the stained gels containing equal amounts of solubilized adw subtype. In this regard, Gerin (7) reported the presence of seven and six polypeptides for HB8 Ag/ayw and HB8 Ag/adw, respectively. A previous study from this laboratory (2) has shown an identical glycoprotein composition for the two subtypes. It might be added that purified HB8 Ag/adw iodinated to high specific activity has small amounts of the two polypeptides observed only in HB, Aglayw preparations in the present study: the 69,000-and 105,000-molecularweight species (3). The significance of these differently charged particles and of the larger molecular weight for the ayw subtype remains to be determined. However, a more detailed biochemical analysis of the different morphological forms present in the two subtypes should help elucidate the biophysical differences reported here.
